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CHAPTER I 
INTRODUCTION 
Radiation chemistry is the study of chemical reactions resulting 
directly or indirectly from exposure of a system to radiation with 
electromagnetic waves, high velocity electrons, or other corpuscular 
beams obtained either from nuclear reactions or from electric accel-
erators. Photochemistry, a subdivision of radiation chemistry, is the 
science of the chemical effects of' the electromagnetic waves ranging 
from the ultraviolet through the infrared, i.e., from about 100 mµ. to 
1000 my. Usually, radiation chemistry refers to the science of the 
chemical effects of the higher-energy ionizing rays, so that the whole 
subject is divided into photochemistry and radiation chemistry on 
energetic grounds. 
According to the quan turn theory, a beam of light consists of 
many units of radiation called photons. A quantum of energy is the 
enerli,ry of one photon and depends upon the wave length of the light, 
the shorter wave lengths being more energetic. All of the photons in 
monochromatic light of a given wave length have the same energy 
according to Einstein's fundamental relationship, 
E h'\J, 
in which E is the energy in one quantwn, h is Planck's constant, and v is 
the frequency of the light. 
Light, when striking a substance, can be transmitted, scattered, 
1 
reflected, or absorbed. The logarithm of the fraction of incident light 
absorbed by a medium is proportiona+ to the thickness of the medium 
traversed. This law was originally stated iri a memoir by Bouguer, in 
1729. It was later rediscovered by Lambert. In 1852, Beer showed that 
the logarithm of the fraction of incident light absorbed by a solution 
is proportional to the concentration of the solute for many solutions of 
absorbing compounds in practically transparent solvents. The two laws 
may be combined to fon.n the Beer-Lambert law, which is 
p = log Io = Eel, 
I 
~here pis the optical density, I 0 is the intensity of the incident 
light, I is the intensity of the transmitted light, E.- is the molar 
extinction coefficient, c is the molarity of the solution, and 1 is 
the number of centimeters of absorbing medium through which the beam 
of light passes. 
In 1818, Grotthuss and Draper stated the principle that only 
light which is absorbed can produce a chemical change. It does not 
follow, however, that absorbed radiation must produce a chemical 
reaction. The absorbed radiation may simply be converted into heat or 
it may be re-emitted as light of either the same or a different wave 
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length. The latter phenomenon is known as fluorescence or phosphorescenceo 
In general, the wave length of the incident radiation is shorter than 
that of the re-emitted radiation, indicating that the molecule has 
absorbed some energy, since the light re-emitted has less energy. 
This relationship was first stated by Stokes; however, numerous 
exceptions have been found. Formerly, the differentiation between 
fluorescence and phosphorescence was based on the duration of the 
afterglow. A slow decay of luminescence was called phosphorescence. 
Currently, the distinction of these terms is based on a difference in 
the mechanism for re-enission of light. In fluorescence, the quantum is 
absorbed and re-emitted from the excited state reached, either back to 
the initial state {resonance radiation) or to a different state. In 
exceptional cases, the re-emission may occur slowly, leading to a 
long afterglow. In phosphorescence, after the initial excitation to a 
certain energy level, the molecule makes a transition to a nearby level, 
which may be a metastable level, in that the transition from it to 
lower levels is unlikely because of low quantum mechanical transition 
probabilities. Considerable time may elapse before the molecule can 
acquire from suitable collisions enough energy to jump bacK up to the 
original excited state, from which the molecule can re-emit a quantum 
of light. Hence, the afterglow usually has an appreciable duration in 
phosphorescence, because the excited molecule has become "trapped in a 
metastable state. 11 (11). 
Einstein's law of the photochemical equivalent states that in 
the primary photochemical process each molecule is activated by the 
absorption of one photon, but the activated molecule does not necessar-
ily undergo chemical reaction. For a gram mole of a substance, in this 
simple primary process, there should be 6.023 x 1023 quanta absorbed. 
The energy of a "gram mole" of quanta is called an einstein. Frequently, 
the Einstein law is marked by secondary reactions and complicating 
circumstances which prevent a simple one-to-one relationship between 
the number of quanta absorbed and the final number of molecules of 
products in the reaction. The quantum yield or quantum efficiency, ~' 
is defined by the relationship, 
,'f•' 
3 
¢ - munber of molecules reacting chemically. 
number of quanta absorbed 
It provides a means for describing the experimental facts and offers 
valuable information from which conclusions can be made as to the 
mechanism of a reaction. (1). 
The main purpose of this research was to discover whether or not 
the isomeric dini trobenzenes undergo photolysis in solution when. 
irradiated with ultraviolet light from a mercury resonance lamp 
(253.7 mµ) at room temperature, and, in the event that photolyses 
were found, to measure the quantum yield of the processes. 
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CHAPTER II 
HISTORICAL 
In 1939, Shelegova (13) determined the absorption spectra of 
. . 
nitrobenzene in the vapor phase from -80° C to +50° C. A yellow 
tarnish formed on the walls of the reaction chamber when the vapor 
was irradiated with a wave length of around 217 mµ, which indicated 
that the absorption was accompanied by photodecomposition of the 
nitrobenzene. Shelegova postulated that excited and unexcited N02 
formed and that the active N02 reacted with ni trobenzene to give di-
and trinitrobenzene. 
A mechanism of nitration was proposed by Gorislavets and Prilezhaeva 
(7), in 1941, on the basis of the absorption spectra of ni tro compounds 
and the photochemical decomposition of nitrobenzene. They postulated 
that the electron atmosphere of N02 is distorted considerably by the 
interaction of N02 with aromatic molecules. The chemical1y active 
form of N02 is +N(:0)0-, into which state the N02 molecule can be 
transformed by action of light. The N02 group is detached from the 
nitro compounds in.the same electronic state as that produced by 
electronic excitation of a molecule of N02. Hence, direct nitration 
by nitrogen oxides should proceed with catalysts that lead to the 
proper rearrangement of the electron atmosphere of the N02 molecule. 
In 1943, Gorislavets (6) studied the photochemical reaction of 
N0 2 (and N~4) with benzene in the gas and liquid phases and with 
nitrobenzene in the gas and liquid phases. He found that photochemical 
5 
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decorµposi tion of nitrobenzene showed that it is accompanied by formation 
of N02 • He proposed the following reaction equations~ 
c6H5No2 + hv ---) c6H5 + (N02)*. 
(N02)* + c6H5No2 ---+ c6H4(N02)2 + H. 
Five years later, Ha.stings and Matsen (8) irradiated nitrobenzene 
with nitrogen as a carrier and obtained a mixture of products, which 
consisted chiefly of nitrosobenzene and .12.-ni trophenol. The products 
were identified spectrophotometrically. There was no evidence obtained 
to show the presence of N0 2 or polynitrobenzenes. The main reactions 
were: 
C6H5IW2 + h\/ -,. C6H5NO + 0. 
C6H5N02 t- 0 ---) .£-HOC6H4N02. 
Since the ni tro group is ortho-para directing for free radicals, the 
presence of para, rather than meta, should be expected. (17). 
Solla.zzo (16), in 1933, found that vessels containing a mixture 
of .f!!_-dini trobenzene, ethanol and ammonia underwe"1 t a photochemical 
reaction when exposed to sunlight at an altitude of 2812 meters above 
sea levelo This was the only case in the literature survey in which 
dinitrobenzene was used in an experiment on phoyolysis. 
CHAPTER III 
EXP ERIMEN 'TAL 
Chemicals Used 
Solvents. Only a small amount of data on absorption curves for 
the isomeric dini trobenzenes is to be found in the literature (2, 3, 4, 
9, 10 and 12.) and these are for strongly polar solvents. 2,2,4-
Trimethylpen tane was selected as a solvent because it is non-polar and, 
therefore, a minimum of interaction should be expected between the sol-
vent and solute molecules. Cyclohexane was used as a non-polar solvent 
in the later experiments, because it was thought that cyclohexa.ne 
would be less apt to enter into secondary reactions th1µ1 the 2,2,4-
trimethylpentane on account of the tertiary hydrogen atoms o;n the 
latter. The 2,2,4-trimethylpehtane and cyclohexane used were Phillips 
Petroleum Company Spectre Grade. 
In order to have a polar solvent for comparison, ethanol was 
used. Commercial absolute ethanol was not used as a solvent, because 
it contains traces of benzene and the benzene absorbs in the sam(;:) 
region of the ultraviolet as the isomeric dinitrobenzenes. Absolute 
ethanol was prepar.ed by placing a liter of 95 percent ethanol in ~ 
two liter round bottom flask with about 3/ 4 of a pound of lumpy calcium 
oxide. The mixture was refluxed for several hours and then the q.ask 
was attached t6 · { distilling apparatus, using stahdard taper joint,s 
throughout. 'l'he flask was heated with a glas-col until' the reaction 
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started and then the heat was turned down. The distillate was collected 
in a round bottom flask. The distillation was stopped when the mixture 
in the pot becrune a white crust. About 600 ml of alcohol was obtained. 
At this point, the alcohol was supposed to be around 99.5 percent 
ethanol and 0.5 percent water. The receiver was removed and 80 ml of 
the distillate was put into a two liter round bottom flask with ! of ~ 
gram of iodine and about five grams of magnesium. 1'he mixture was 
refluxed until much of the magnesium had reacted. The rest of the 
distillate was then added and the mixture was refluxed for an hour. 
A.f ter the refluxing, the pot was conn ec t,ed with ground glass join ts 
to a distillation apparatus. The outlet on the receiver was fitted 
with a calcium chloride tube in order t,o prevent the admission of 
moisture to the system. A little more than 400 ml of the "anhydrous" 
ethanol distilled at 77° C. A silica cell was filled with this ethanol 
and distilled water was put into a matched cell for a reference. The 
absorption spectrum of' the ethanol was determined. The ethanol did not 
absorb appreciably from 350 my to 255 IDf, but the optical density 
increased from 250 my to 220 my. 
Isomeric Dinitrobenzenes. Coleman and Bell pure m-dini trobenzeno? 
was purified by reCI".fStallization from ethanol. Sapon Laboratories 
.Q.-dini trobenzene was recrystallized twice from ethanol, yielding white 
crystals with a melting point of 114-1150 C. ..12.-Dinitrobenzene, from 
the Matheson Co., Inc., was used. It was brownish-orange and had a. 
a melting point of 170-171° C • .:e.-Dinitrobenzene, prepared by N. Karamian~ 
was purifi.ed by sublimation and used in the later work. White needles, 
with a melting point of 172° C, were obtained. 
Actinometer. The monochloroacetic acid used was Eastman Kodruc 
Company ( best grade) and the silver nitrate was Mallinckrodt analytical 
reagent. 
Instruments Used 
SpectJ;'.op_hotometers. In the first part of the research, the 
absorption spectra were determined with a Becl.{lllan Hodel DU quartz 
spectrophotometer, equipped with a hydrogen discharge tube. A 
photomultiplier was used as a detector with the Hodel DU for the inter-
mediate work. The absorption spectra in the later worl<: were obtained 
with a Beckman Model DK2 ratio recording spectrophotometer. Silica 
cells were used throughout to hold the samples. Cells with a path 
length of one cm were used most, but in some cases a nine mm quart,z 
block was inserted in the cell, so that the path length was one mm. 
Monochromator. A Bausch and Lomb grating monochromator was 
used to isolate the 296.7 mµ. mercury line. The mercury tube sold by 
Bausch and Lomb with the instrwnent was used as a source of' light,. 
Monitor. A Heathkit vacuum tube voltmeter was used with a photo 
tube to monitor the light. The leads in the circuit were shielded so 
that the oscillations of the needle on the vol tne~er due to pickup of 
stray 60 cycle field were held to a minirnuruo 
Titration Instruments. A Rubicon Type B potentiometer and a 
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General Electric galvanometer were used for the po ten tiometric ti trationso 
Manner of Irradiation 
The means of irradiating the solutions was changed from time to 
time throughout the experimental worK as better methods of irradiation 
were developed. A description of the various irradiation apparatuses 
follows in the order that they were usedo 
The solution to be irradiated was put in a silica cell and 
placed in the cell holder from the spectrophometer in front of' the 
exit slit of a Bausch and Lomb Grating Monochromator. 'i'he 296.7 Ill}l line 
of mercury was isolated with the slit widths and heights set at two and 
ten mm, respectively. 
In order to obtain a more in tense source of light, a helical 
spiral mercury resonance lamp, made by the Hano via Chernical and Manu-
facturing Company, was used. According to the manufacturer, 95 percent 
of the ultraviolet irradiation from the fused silica 11?,!)lp is in the 
25 3. 7 mp line. The lamp was powered by a 5,000 volt lwrlinous tube 
transformer connected directly to the line. The solution to be 
irradiated was placed in a test tube made from 20 nun #7900 Vycor tubingo 
The Vycor vessel was used because it is transparent to the 253. 7 mJJ line 
and opaque to the 184.9 mp. line of mercury. It was assumed, therefore, 
that any photochernical change occurring was initiated by absorption of 
the 253. 7 IUJ-{ mercury line, since the compounds do not l;l.bsorb appreciably 
at longer wave lengths. The test tube was supported iq the center of 
the spiral. The solution was stirred during irradiation by means of a 
bent rod propelled in an up and down direction by a f'i$h reeL The 
stirrer wound around a finger condenser. The inlet of the condenser 
was connected to a water tap and the outlet ran into a beaker in which 
a thermomet,er was placed. ·rhe lamp was placed in a. stove pipe which 
was coated on the inside with magnesium oxide. 
Since it was desired to have an enclosed cell that could be 
stirred, a 25 mm (0. D.) #7910 Vycor tube that had a ground glass joint 
at the top was used for the reaction vessel. ... A glass stirrer wi tb a 
magnet in the top end of it was placed in the vessel and a standard 
taper cap was put on the tube. The tube was situated in the center of 
a 45 mm (0. D.) #7910 Vycor tube which had water running through it 
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from the tap, so that the solution was kept at constant te.nperature. 'l'he 
tubes were supported between the coils of the helical spiral mercury 
resonance lamp, which was powered as before. The lamp was encircled 
by a sheet of galvanized metal and had a galvanized sheet for a c.over. 
The diameter of the shield was ten inches. 'rhe stirrer was propelled 
by means of a magnet attached to a motor. The outlet from the outer 
tube ran into a beaker and a therm0i11eter was inserted in the be84~r. 
The apparatus is shown in Fig 1. The #7910 Vycor tubes were ordered 
from Corning Glass Works. The #7910 Vycor is more transparent. to 
ultraviolet light than the #7900 Vycor. 
The apparatus just described was used in all of tpe la,t~r work. 
Additions, such as a i'il ter for the water jacket and a monitor for the 
light were made in some of the experiments. Some changes in the 
apparatus, such as the method of removing the irradiated solution from 
the reaction vessel and removal of the shield, were also made. These 
changes and additions are described in the next section. 
Experiments Performed 
m-Dinitrobe:rizene. A solution of 1.7 x 10-3 M m-dinitroben~ene 
in 2,2,4-trimethylpentane was prepared and the absorption spectrt:Ull 
determined from 220 m}t to 350 my. with the solvent used as a reference. 
The absorption spectrum showed a very high maximum around 228 mp. and 
maxima at about 285 IDf and 296 mµ. The curve is shown· in Fig. 2. 
I·t was decided to see if any evidence of photochemical decom-
position could be found when 2,2,4-trimethylpentane solutions of the 
:!!!-dinitrobenzene were irradiated in the 280-300 m.J,l region of the 
spectrum. The solution was irradiated for 30 minutes with the 296. 7 
mf line of mercury, using the Bausch and Lomb grating monochromator. 
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Fig. 2. Absorption Spectrum of !!!-Dinitrobenzene in 2,2,4-Tri-
methylpentane. 
The absorption spectrum of the solution showed the same characteristic 
curve as before irradiation, but it was higher throughout. It was 
thought that photochemical decomposition may have taken place. It 
was --suspected, however, that the iiicrease in absorption was due to 
evaporation of the solvent, thus inceeasing the concentration of the 
solution, so experiments were carried out to correct for any evaporation. 
The unirradiated solution was put in a silica cell and weighed. 
A 30 minute irradiation was done in the same manner as before, and after 
the absorption spectrum of the irradiated solution was procured 
the cell was weighed again. It was found that 14.6 percent by weight 
of the solvent had evaporated. The number of moles of m-dinitrobenzene 
in the cell was calculated from the molarity of the solution and the 
number of milliliters of sol vent lost was determined from the density 
of the 2,2,4-trimethylpentane. The concentration of the solution after 
evaporation was determined and the absorption spectrum was resolved 
usit1g the calculated value for the concentration to compute the molar 
extinction coefficients. When this correction was applied, the absorp-
tion spectrum was almost identical to the curve before irradiation, so 
that there was no evidence of a photochemical change. 
As another check, two matched stoppered silica cells were filled 
with the solution and placed in the spectrophotometer cell holder. 
The solution in one of the cells was irradiated ·with the 29607 mp mer-
cury line with the monochromator as before. The absorption spectrum 
was determined using the unirradiated solution as a refere:i:1ce and the 
absorption was found to be negligible. The main disadvantages of this 
method of irradiation were that t11e temperature could not be controlled 
and the solution could not be stirred. 
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It was thought that the excit,ing ::iource may h!:!,ve been insufficiently 
intense, because other experiments, done by N. Smith (14), showed that 
benzene in 2,2,4-trimethylpentan.e solutions is photodecomposed at 
room temperature when excited in its long wave length absorption band. 
In order to have a more intense source of light, the solution of 
!!!.-dinitrobenzene in 2,2,4-trimethylpentane was irradiated for 30 
minutes with the mercury .resonance lamp (253. 7 mµ.), using the apparatus 
involving the open Vycor reaction vessel described on the top of 
page ten •. There was no visible change in the solution or change in 
odor due to the irradiation. The absorption spectrum was secured and 
it was found that the absorption of the whole curve inc~~eased and that 
the peaks of the original curve had not shifted. There were no new 
peaks. 
Again, it was suspected that this change was due to evaporation 
of the sol vent. The experiment was repeated, the only difference 
being that the solution was placed in a Pyrex te13t tube when it was 
irradiated. Pyrex is opaque to the 253.7 mµ line, so the ultraviolet 
light could not penetrate into the solution and cause a photochemical 
change. Hence, if any change in the spectrum were observed, it 
would probably have been due to the heat of the lamp. There was not 
a significant difference between the spect.rurn of the solution irradiated 
in Vycor and the solution irradiated in Pyrex. 
A clear solution of 1.1 x 10-3 M !!!_-dinitrobenzene in ethanol 
was prepared and the absorption spectrum determined with ethanol used 
as the reference. The spectrum had a high absorption peak at about 
233 my and there were smeared out shoulders in the 280-300 mp. region 
instead of the peaks obtained in 2,2,4-trimethylpentane. See Fig. 3. 
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Fig. 3. Absorption Spectrum of _!!!-Dini trobenzene in Ethanol. 
The solution of ~-dinitrobenzene in ethanol was irradiated with 
the mercury resonance lamp (253.7 ,mµ), using the apparatus shown in 
Fig. 1, for 30 minutes. The irradiated solution appeared to have a 
slightly yellow colot. The absorption spectrum was determined using 
\i 
ethanol as the referenbe. The G:11.I"Ve obtained had the same general 
shape as before irradiation. In the longer wave lengths the solution 
absorbed a little more after irradiation. The absorption spectrum 
was determined from 350 mf to 1000 filf by using a tungsten lamp for a 
source of light. The optical density decreased from 350 mµ to about 
470 m;-t and was zero from there to 1000 mµ. The curve. did not change 
sufficiently for one to conclude that a photochemical change had 
occurred. 
o-Dinitrobenzene. s·everal solutions of around 10-4 M .Q.-dinitro-
benzene in 2,2,4-trimethylpentane were prepared and the absorption 
spectra were determined, using the solvent as a !eference. It was 
very difficult to ge1:, the .Q.-dini trobenzene to go into solution. The 
absorption curves increased rapidly from 270 mJJ,- to 220 mµ. See Fig. 4 
for the curve. 
A solution of the o-dinitrobenzene in 2,2,4-trimethylpentane was 
irradiated for 30 minutes with the mercury resonance lamp (253.7 mµ} 
using the apparatus pictured in Fig. 1. ' The irradiated solution 
appeared to be a little darker and when the absorption spectrum was 
examined, using the solvent as a reference, it was fowid that the 
solution absorbed less below about 257 mf and more above 257 mp. 
The spectrum of the irradiated solution exhibited an isosbestic pointl 
lThe term isosbestic point is applied to any wave length where 
the absorbancy indexes are the same for two materials which are 
:interconvertible. 
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Fig. 4. Absorption Spectra of o-Din.i trobenzene in 2,2,4-Tri-
methylpentane Before and After Irradiation for 30 Minutes 
With a Wave Length of 253. 7 rry;... 
with the initial solution. The change in the absorption spectrwn, as 
shown in F'ig. 4, was significant enough to indicat:.e that a photochemical 
change had taken place. 
A 2.0 x 10-4 molar solution of .Q.-dini trobenzene in ethanol was 
prepared. The solution was clear and the solute dissolved more readily 
in ethanol than in 2,2,4-trimethylpentane. The absorption spectrwn was 
obtained using ethanol as a reference. The compound showed no peaks 
from 220 mp to 350 m}-l and its absorption increased from 310 mµ to 
220 mjl. 'rhe absorption spectrum is shown in Fig. 5. 
'rhe solution was irradiated for 30 minutes with the mercury 
resonance lamp (253. 7 IUJJ,-), using a settlp as shown in Fig. 1. After 
irradiation the solution had a !)ale yellow color. There was no 
noticable change in odor. The solvent was used as a reference and 
the absorption spectrum was obtained. After irradiation the solution 
absorbed less from 220 mp to about 268 u~.,u and more from 268 my to 
350 mµ., as is shown in Fig. 5. The spectrum of the irradiated solution 
was measured to 500 mµ, using a tungsten lamp for a source of light, and 
it was found that the optical density decreased to zero as the wave 
length increased. An i sosbestic paint was present around 268 mµ. 
There was little doubt that photolysis had occurred. 
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p-Dinitrobenzene. A clear solution of 1.0 x 10-4 M ..e.-dinitrobenzene 
in 2, 2, 4-trimethylpen tane was prepared. ..e.-Dini trobenzene dis.solves with 
difficulty in 2,2,4-trimethylpentane. The absorption spectrum was 
obtained, using the solvent as a reference, and a high peak was found at 
256 mf. The absorption curve is shown in Fig. 6. 
The solution was irradiated for 30 minutes with the mercury-
resonance lamp (253. 7 my) in the apparatus shown in Fig. 1. The 
solution underwent no visible change, nor was there a change in odor 
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Fig. 5. Absorption Spectra of .2.-Dini trobenzene in Ethanol 
Before and After Irradiation for 30 Minutes With a Wave 
Length of 253.7 ny~. 
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Fig. 6. Absorption Spectra of .E,-Dinitrobenzene in 2,2,4-Tri-
methylpentane Before and After Irradiation for 30 Minutes 
With a Wave Length of 253. 7 mµ.. 
due to irradiation. The absorption spectrum, however, with the solvent 
as a reference, showed a marked change. See Fig. 6. The compound 
absorbed considerably less below 278 my and more above 278 mµ after 
irradiation. 'There was a relative :rp.inimum around 236 mJJ.. There was 
an isosbestic point at 278 my and p·~rhaps an9ther one around 222 mJJ-. 
The marked change in the spectrum showed that a photochemical change 
had taken place. 
A 2.0 x 10-4 molar solution of .:e.-dinitrobenzene in ethanol was 
prepared and irradiated for JO minutes with the mercury resonance lamp 
(253. 7 mµ) using the apparatus shown in Fig. 1. The irradiated solution 
appeared to be a little darker, but again there was no noticable change 
in the odor. The absorption spectra before and after irradiation were 
determined using ethanol as a reference and are shown in Fig. 7. The 
solution had a high peak at 260 mJJ- before irradiation •. After irradia-
tion there was a large change in the nature of the curve. The 
... ] .... ·• . 
irradiated solution absorbed less than the initial solution from 
220 m/J- to about 285 my, and more above 285 mjl. There was a relative 
minimwn at 260 mµ. An isosbestic point exists near 285 mJl• There was 
definitely a photochemical change. 
A clear solutioh of 1. 3 x 10-4 M .:e.-dini trobenzene in cyclohexane 
·' 
was prepared •. Solution of the .E_-dinitrobenzene was quite difficult. 
The absorption spectrum was determined, using cyclohexane as the 
reference. The curve showed a high peM at 255 mJJ,-. 
Three portions of the solution were irradiated for periods of 10, 
20, and 30 minutes, respectively, and the absorption spectra were 
resolved for the three samples, using cyclohexane as a reference. 'fhe 
irradiation was done with the mercury resonance lamp (253. 7 m}A) in the 
apparatus shown in Fig. 1. It was found that as the length of time of 
22 
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irradiation was increased the solution absorbed less and less from 
about 230 mf- to about 275 mp and more and more from 275 my to 350 Ill)Ao 
There are isosbestic points at about 275 my. !llld around 230 m_µo Photoly-
sis takes place. · 
Another solution of .12-dinitrobenzene in cyclohexane (lo2 x 10-4 M) 
was prepared from cyclohexane that had been refluxed with sodium in an 
attempt to remove traces of water. The absorption spectrum was deter-
mined again and the experiment in the above paragraph was repeated, 
except that the lengths of time for irradiation were 15, 30, and 60 
minuteso The absorption spectra changed in a manner similar to the 
changes observed in the preceeding experimento 
The order of the reaction with respect to the exciting quanta is 
of considerable interest. In order to determine this quantity it is 
necessary to know how the absorption curves change when the number of 
quanta entering the solution per second is changed0 
A 5.7 x 10-5 molal" solution of.12-dinitrobenzene in cyclohexane 
was prepared. Six 50 ml portions of the solution were irradiated for 
periods of 5, lO, 15, 20, 30, and 60 minutes, respectively, with the 
t 
mercury resonance lamp (2~3.7 m.J-Q using the apparatus shown in Figo lo 
! . 
The following additions were madeo An ammeter was placed in series 
with the lamp and the transformer in order to monitor the current: A 
wa.ter filter was placed between the tap and the cooling vessel to· keep 
it from becoming contaminated. The re~ction vessel was held rigidly 
and the solutions were removed with an aspirator so that it. was not 
necessary to move the vessel between runs. The system was monitored 
with a p)loto cell to see if the radiant output of the lamp was constant .. 
The absorFtion spectra of the solutions before and qfter irradiation 
were determined and are show in Fig. 8. 
The output of the lamp under the same conditions was determined 
actinometrically. Monochloroacetic acid was used as an actinometer, 
because it is sensitive only to radiation of wave length 253.7 mJJ- and 
less and can, therefore, be used in ordinary room light (15). Its 
aqueous solutions are hydrolyzed by ult}aviolet light to give glycolic 
acid and hydrochloric acid. 'rhe number of quanta apsorbed by the 
solution can be calculated by titrating the hydrochloric acid formed, 
because the quantum yield for the react:Lon is known. 
An aqueous solution of monochloroacetic acid with the same optic·al 
density as the ,E-dinitrobenzene solution at 253.7 my.was prepared. 
Several 50 ml portions were.·irradiated for periods of ten minutes. ·rhe 
chloride ion w~s titrated potentiometrically with standard silver 
nitrate solution. A silver wire was used as an indicator electrode 
The reference electrode, a saturated calomel half cell, was connected 
to the solution by an ammonium nitrate-agar salt bridge. 
A 5.8 x 10-5 molar solution of .E-dinitrobenzene in cyclohexane 
was prepared, and six 50 ml portions were irradiated for periods of 5, 
10, 15, 20, 45, and 60 minutes, respectively, with the mercury resonance 
lamp (2.53.7 mJl.), using the apparatus described on the bottom of page 
twenty-four with the following changes. A galvanized screen was placed 
in the water jack.et around the reaction vessel to cut out some of the 
light. The shield was removed and the apparatus was covered with a 
black clotho The absorption spectra of the solution before and after 
irradiation were detennined and are shown in Figo 9. 
The output of the lamp under the same conditions was determined 
in the same manner as before. The actinometer solutions were .irradiated 
for periods of 15 1ninutes. 
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CHAPTER IV 
CALCULATIONS 
The optical density at the wave length of the excitation of the 
photolyzed solution is a linear function of the time of irradiation. 
It is shown in the appendix that under such circumstances, the time 
rate of change of the optical density is related to the quantum yield 
by the expression 
iJ&.. = _ Q ¢ .f.:r :: _ Q ¢Pr. 
dt • · .. · , N'V . N V Cr 
(1) 
In this exp,ression (cf:'r/dt) is the change in optical density at the 
excitation _wave length of the photolyzed solution with respect to time, 
Q is the number of quanta absorbed per second by the solution,¢ is the 
quantum yield, N is Avogadro• s number, V is the volume of the solution 
in ii ters, 6r is the molar extinction coefficient of the reactant, and 
/7r is the optical density at the excitation wave length of the reactant 
at concentration Cr• 
Since /r, N, V, and Cr are known, the quantum yield of the 
r-eaction c~ be calcuiated, if Q and (a/?,/dt) can be obtained, from 
the equation, 
¢ = - N VCr • .9f£. 
. Qfr dt 
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(2) 
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Full Lamp Intensity 
Calculation of Q. ·rhree solutions of monochloroacetic acid, 
which had the same optical density at 253.7 my. as that of the ,E-dinitro-
benzene solution, were irradiated with the same apparatus for periods of 
ten minutes. 'rbe irradiated solutions were titrated with 0.01227 M 
silver ni·t.rate and an average of 18.2 ml was required. The number of 
molecules reacting was 0.0182 x 0.01227 x 6.023 x 1023. The quantum 
yield for the reaction at the temperature that the experiment was run 
(30° C) is known (16) to be 0.35 and the number of seconds that the 
solution was irradiated was 600. Therefore, the·numbe-r of quanta 
absorbed per second by the solution, Q, was {0.0182 x 0.01227 x 6.023 x 
1023)/(0.35 X 600) = 6.4 X 1017• 
Calculation of (df'r/dt). From Fig. 10, it is seen that the 
optical density of the photolyzed solution at 253.7 mµ is a linear 
function of time. The slope of the line, (dfr/dt), was found to be 
(-0.525/2700) or -1.94 x 10-4. 
Calculation of f4.. Substituting all of the known values into 
equation (2), the quantum yield is obtained. Hence, 
N V 
¢ (6.023 X 1023)(0,050)(5.7 X 10-5)(-1.94 X 10-4). 
(6.4 X 1017){0.85) 
Q /Jr 
Lamp With Screen 
Calculation of g. Six solutions of monochloroacetic acid of the 
pr9:per optical density were irradiated with the apparatus involving 
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Fig. 10. Optical Density at 253.7 HJ}l of ..12.-Dinitrobenzene in 
Cyclohexane as a Function of the Time of Irradiation With 
a Wave Length of 253. 7 n_yJ.. 
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the screen for periods of 15 minutes. The irradiated solutions were 
titrated with 0.01227 M silver nitrate and an average of 13.6 ml was 
required. The number of molecules reacting was O ,0136 x O ,01227 x 
6,023 x 1023. Since the quantum yield for the reaction (16) at 290 C 
( the temperature of the actinometric solution during irradiation) is 
0. 34 and the time of irradiation was 900 seconds, the number of quanta 
absorbed per second by the solution, Q, was 0.0136 x 0.01227 x 6.023 x 
1023)/(0.33 x 900) or 3.4 x 1017 . 
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Calculation of (~fi/dt). The optical density at 253.7 my of the 
photolyzed solution is seen to be a linear function of time. See Fig. 10. 
The change in optical density with respect to time, (dfr/dt), was found 
to be (-0,325/3000) or -1.08 x 10-4. 
or 
Calculation oft. The quantum yield is given by 
N V Cr cfr/dt 
¢ = _ (6.023 X 1023)(0.050)(5.8 X 10-5)(-1.0$ X 10-4), 
(3.4 X 1017)(0,91) 
Q /r 
CHAPTER V 
DISCUSSION OF RESULTS 
~ince the .!!!~dinitrobenzene does not undergo photolysis and the 
other two compounds do, this indicates that the results of the photo-
chemical behavior of the tnree compounds can be related to the differ-
ences in -electron densities, on ari aromatic ring with a iueta orienting 
group, at the 2- arid 4-positions a$ cmnpared with the 3-positiono 
The experimental results for the irradiation of .l?,-dinitrobenzene 
in cyclohe~ane with the mercury resonance lamp show that a linear 
relationship exists bet'feen the optical density of the solution and the 
time of exposure. It seems reasonable, therefore, to inteipret the· 
photolyseis ~f the 12,-dini trobenzene solutions as simple photodecomposi tion 
in which moiecules of a single species are produced from the molecules 
of ,E-dini trobenzene. It is regarded as improbable that more than one 
species is produced because nearly all molecules of any degree of 
complexity have significant absorption at 253.7 mµ. •. The probability 
that two or'more molecules with little or no absorption at 253.7 m~ be 
;, 
formed in the react,ion is much less than the probability of, having one 
such molecu:J;e formed. · It is also possible that seyeral very simple 
molecules are formed, but the degree of breakdown required makes this 
possibility unlikelyo In addition, the product molecules absorb 
. apprec;i.ably'more at El longer wave length than do the reactant molecules. 
Such is q~ite unlikely to be the case. if the product molec~les are 
suiple molecules. 
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The precision of the values of the quantum yield obtained lie 
within the range of experimental error. More precise results might be 
obtained if the lamp were powered fmm a regulated source. It would 
probably be better to use uranyl oxalate, instead of monochloroacetic 
acid, for an actinometer. · Uranyl oxalate does not r eact i n the dark, 
whereas, monochloroacetic acid undergoes hydrolysis in the da rk about 
one percen t as fast as when it is exposed to a wave length of 253.7 
mµ at 25° C. 
CHAPTER VI 
SU.lYlMARY 
It has been shown that m-dinitrobenzene di solved in either 
2,2,4-trimethylpentane or ethanol does not show an appreciable change 
in its absorption spectrum when it is irradiated with ultraviolet light 
of wave length 253. 7 rnµ. When .2.-dini trobenzene and .E-dini trobenzene 
are exposed to a wave length of 253. 7 my. in either 2, 2,4-trirnethylpentane 
or ethanol there are enough changes in the absorption spectra to show 
that photolyses have occurred. 'l'he results obtained are summarized 
in Table I. 
It was decided to calculate the quantum yield for the photolysis 
of .E-dini trobenzene in cyclohexane. By making certain assu..'Uptions, a 
value of' Q.0006 was obtained with the _error estimated to be five percento 
The output of the lamp .was reduced and the reaction was found to be 
first order with respect to the quanta. 
Plans are being made to identify the products of the photodecom-
posi tion chromatographically. 
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Compound 
m-Dinitrobenzene 
m-Dinitrobenzene 
o-Din:i trobenzene 
o-Dini trobenzene 
;e_-Dinitrobenzene 
12-Dinitrobenzene 
£-Dinitrobenzene 
TABLE I 
Summary of Changes in the Absorption Spectra of Isomeric rnni trobenzenes 
Due to Exposure to a Wave Length of 253.7 mj-L 
Solvent 
2, 2, lr-Trimethylpen tane 
Absolute Ethanol 
2, 2, 4-'I'rimethylpentane 
Absolute Ethanol 
2, 2, 4-Trime thy lpen tane 
Absolute Ethanol 
Cyclohexane 
Change in Spectrum 
Practically none 
Slight 
Absorption is less from 220 m_y. to 
257 mp, and ts greater from 257 my. 
to 350 my. than before irradiation 
Absorption is less from 220 mµ to 
268 1~, and is greater from 268 mµ. 
to 500 mp. than before irradiation 
Absorption is much less from about 
222 mj,l to 278 m}l, and is greater 
from 278 my .. to 350 ~ than before 
irradiation 
Absorption is much less from about 
2 20 rnµ to 2 85 n_yJ-, and is greater 
from 285 my to 350 ny.,t than before 
irradiation 
Absorption is much less from about 
230 my to 275 my, and is greater 
from 275 :ny-t. to 350 rry; than before 
irradiation 
I..,.) 
V, 
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APPENDIX 
The Use of Absorption Spectra Data in the Study of PhotochemicaJ. 
Processes in Solutions. (5). 
In generaJ., the absorption spectrum of an irradiated solution in 
which photodecomposi tion is occurring changes in a complicated manner, 
both as a filllction of time and as a function of the wave length. The 
absorption of _the initial species decreases with time, and the absorption 
of the product or products increases; and since their spectra are 
usually quite different, the complicated spectral changes result. The 
situation may be further complicated if one or more of the product 
molecules is decomposed by the radiation cau1;1ing the photolysis of the 
initiaJ. species, or by radiation of another wave length that may be 
present in the source. To predict the behavior of the total absorrption 
spectrum of some of the more complicated situations is clearly difficult. 
One can, however, develop analyses of the behaviors of some of the 
simpler situations which are of great value in the study of photochemical 
processes for which the analyses are valid. 
Case I. 
The first case to be considered is that of a solution, which, upon 
being irradiated, undergoes photochemical changes in accordance with the 
following conditions: 
1. The solution is irradiated by monochromatic radiation. 
2. The relative numbers of product molecules produced by the 
photolysis of the initial species are independent of· the time. 
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3. The product species are not further photodecomposed. 
4. The solution is perfectly sti~red. 
5. 'rhe absorp tion of each speci es presen t is unaffected by the 
presence of the other species. 
6. The i n ciderit r adiation is essentially completely absorbed 
in all the sblu tions considered. 
A. Behavior of the Op tical Density During Irradiation. 
The optical density, at any arbitrarily chosen wave length when 
measured in a cell of unit length, is given by 
Eq. (1) 
in which/> is the optical density, €r and Bi are the absorption coeffi-
cients of the reactant and the ith product species respectively for the 
arbitrarily , chosen wave lengths, and Cr and Ci are the concentrations 
of the reactant and i th product species respectively. The time rate 
at which the optical density changes is given, therefore, by 
Eq. (2) 
The derivative dCr/dt of Eq. (2) can be written 
Eq. (3) 
in which Q is the rate at which quanta are deli.veredto the solution, 
¢ is the photodecomposition yield of the reactant species, N is Avogadro's 
nu.~ber, Vis the volume of the solution, and fr is the instantaneous 
fraction of the quanta absorbed by the reactant species. The quantity 
fr can be written as 
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Eq. (4) 
by virtue of conditions 4, 5, and 6, when -Gr and f are measured at the 
wave length of the excitation ( con<ll tion 1 requires that there be onl.;t 
one such wave length). Equation (3) may now be written 
Eq. (5) 
The rate at which the concentratiop. of the i th product changes 
with time is obtained in terms of Cr by differen tiatirig the equation 
The result is 
dC1/dt = P1 d(C0 _ Cr)/dt 
= -PidCr/dt, 
Eq. (6) 
Eq. (7) 
in which C0 is the starting concentration of the reactant species and 
P 1 is the p_rob~l;>ilttr that a molecule of the i th prodq.~t species will 
be formed when a molecule of the reactant decomposes. Bquation (6) is 
valid if conditions 2 and 3 are met,. 
Then 
hence 
n 
~ 
i=l 
n 
ei(dCj_/dt) = (Q¢/NV)(6rCr~) ~ 
i=l 
Eq. (9) 
Substituting from Eqs. (9) and (5) into Eq. (2), there is obtained 
the result 
af/dt 
n 
= (Q¢/NV) > 
-r;'1 
Eq. (10) 
The expression for df/dt given in Eq. (10) can be integrated provided 
6rCr can be found as a function off). Such a function can be found by 
solving Eqs. (6) and (1) sirnultaneousl~. 
The result is 
~q. (11) 
n n 
When one sets K1 = 00 S 
i=l 
61Pi and K = Br - L B1Pi• 
i=l 
These 
quantities are constants as long as conditions 2 and 3 are satisfied. 
Substituting the expression for 6rCrgiven by Eq. (11),into Eq •. ,(10), 
the differential equation 
Eq. (12) 
is obtained when one sets (Q¢/NV) = K2 • 
Many interesting facts can be deduced concerning the processes 
occurring by studying Eq. (12). The slope of the curve of /J vs. t 
behaves in characte:1:-istic ways depending upon the relative values of K1 
and~. 
Four different situations of interest are considered in the 
following: 
1. If K1 = o, then df/dt = -K26r and the optical density of the· 
photolyzed solution will be a linear function of the time. 
2. If 0< K1</t, then df/dt<::::O for aJ.l t<a:>but 
lirn 9/! = O since liml'= K1• The curve of,Pvs t will 
t~CO dt t~Q.':I 
start with a finite negative slope and approach a limiting 
vaJ.ue. 
3o If K1 =f, then df/dt = 0 and the optical density i s i ndependent 
of the duration of t he irradia tion . Such i s the condition 
which will give an isosbestic point. 
If Kpe; then d,P/dt> 0 and the curve off VSo t will start 
0 
with a finite positive slope but will tend to reach a 
limiting value of fJ equal to K1 as t.......,w" 
Once the behaviors of the concentrations of reactants and p roducts 
can be predicted from what is happeni.hg a t the wave length of excitation, 
the behavior of the optical den sities at other wave l eng ths can be 
predicted if the correspondi ng molar extinction coefficients are knowno 
Conversely, if the behaviors of optical densities at other wave lengths 
are known, together with a knowledge of the behaviors of the concentrations 
of product and reactant species, then i n formation can be derived on the 
absorption coefficients of the p roductso 
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